Introduction
There has been great increase in electrical energy demand due to the developments in technology and the industrialization. Much of the electrical energy is supplied by fossil fuels. However, the gases arising from the burning of the fossil fuels pollute the environment and cause global warming. Moreover, the alternative energy sources are considered as the most convenient solution when taking into account that the fossil fuels will run out in the near future. Among the alternative energy sources, PV systems are clean, easy to use and simple in construction. Especially, these systems have gained great importance with the recent investments on PV systems [1] [2] [3] [4] .
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PV systems are used commonly in many fields such as irrigation systems, farm houses, stand-alone buildings, space vehicles and military applications. PV systems are generally preferred in standalone buildings and farm houses to meet the electrical energy demand since they are easy in construction and simple in usage [5, 6] . PV systems include PV panels, batteries, charge controller and inverter components [7] . Solar energy is directly converted to direct current (dc) with the semiconductor materials used in the PV panels [8] . Since the devices used at homes run with alternative current (ac), the conversion of the dc to ac is provided by inverters. DC obtained from PV panels is stored in batteries when the devices at homes do not demand energy. Therefore, the energy required for the devices when the solar radiation is not enough and during night is provided by the batteries. Battery charge controller device must be used to prevent the overcharging and over discharging [9] [10] [11] .
In this study, a daily energy demand required for a stand-alone farmhouse in Bilecik city is calculated and the PV panel, battery and inverter calculations are provided for the PV system to be used. The optimum tilt angles for the PV panels to be placed depending on the seasonal and annual energy usage of the farmhouse are examined. The batteries, the most important part of the PV systems, are also examined and the most suitable ones for the system are determined. Moreover, a central inverter system is recommended for the system by identifying its advantages and disadvantages.
Design of Stand-Alone PV System
There is no electrical connection in stand-alone PV systems. Such systems are often used to meet the electricity needs of stand-alone buildings and farmhouses located at remote areas. The schematic of the stand-alone PV system is shown in Figure 1 [12] [13] [14] . The energy of the system is provided by PV panels. The energy obtained from the PV panels is stored in the batteries. DC energy stored in the batteries in converted to ac energy by the inverter. Meanwhile, when solar radiation is not available (night time) or when it is inadequate, the energy of the system is provided directly from the batteries. The components used to balance the system components and are between the production and consumption of the energy are called as balance of 911 system (BOS) components. BOS components are charge controller, batteries, inverters, cables, fuses etc. [15] [16] [17] . It is important to determine where the system will be installed before the system is designed. Solar radiation differs from region to region on a daily, monthly and seasonally. For this reason, when such systems are designed, meteorological information such as average annual sunshine duration, number of cloudy days, temperature values should be known. Turkey is located between 36⁰-42⁰ North latitudes and Turkey's yearly average total sunshine duration is 2640 h and the yearly average solar radiation is 1311 kWh/m². Therefore, Turkey is well situated in terms of solar energy potential. The design of the system was carried out for Bilecik province, which is on 40 ⁰ latitude in the west of Turkey. The daily average sunshine duration in Bilecik city is 6.6 h and yearly average total sunshine duration is 2424 h. The daily average solar radiation is 3.87 kWh/m² and the yearly average total solar radiation is 1412 kWh/m². When the values of sunshine and solar radiation are examined, it is seen that solar potential of Bilecik province in Turkey is appropriate [18] .
Determination of Components

Determination of Loads
The first step in designing the system is to calculate the average amount of daily energy that the farm house will consume. Table 1 shows the household devices and the energy amount that they will consume. The calculations have been carried out with the assumption that the devices to be used at home are energy-saving. The A1 column in the Table 1 shows the rated power values of the household devices. The sum of these values gives the total maximum ac power value of household devices (4090 W). The value in A2 column is adjustment factor and is related to the inverter efficiency (0.90). A3 value is calculated by dividing the A1 value to A2 value and the sum of this value gives the total maximum dc power value (4547 W). The daily operating hours of household appliances are shown in A4 column. Daily operating hours have been calculated considering that devices such as washing machines and dishwashers are operated once or twice a week. The values in A5 column are calculated by multiplying the A3 values by A4 values. This value is 5.58 kWh and is the average energy amount of the house.
Determination of Battery Sizing and Selection of Battery Type
In stand-alone systems, there must be batteries in order to be used during night time and when the solar radiation level is not adequate. Deep cycle batteries are required in PV systems. Such batteries are generally lead acid batteries. Among the lead acid batteries, OPzS batteries are preferred, which has a long life span of 15-20 years, require less maintenance, can be discharged slowly and can be discharged up to 80% of its capacity. These batteries are among the most appropriate batteries for the stand-alone PV applications [19, 20] .
Battery autonomy should be taken into account when calculating the battery number in the system. Days of autonomy are the number of the cloudy days coming from each other sequentially in a month and where no energy is not generated from PV panels [21] . This value differs from region to region. For example, the autonomy value of the Mediterranean Region is lower than the Black Sea Region. This value should be chosen using the meteorological information and taking the worst weather conditions into account. The values of the battery calculation are given in Table 2 . According to the total ac power value in column A1 of Table 1 , the battery voltage in column B1 of Table 2 is determined as 48 V [14] . The total daily capacity value (B2) is calculated by dividing the daily energy amount calculated in column A5 by B1 value. The number of autonomy days for Bilecik province was selected as 4 days (B3 value). OPzS batteries can discharge up to 80% of its capacity. For this reason, B4 value was chosen as 0.8. The B5 value shows 91% [22] which is the maximum charging efficiency of the OPzS battery. B6 value is calculated by Equation 1.
The existing standard voltages of OPzS batteries are 2, 6 and 12 V. For the B7 and B8 values, 2 OPzS 100 models with 100 Ah 12 V were selected. The number of batteries to be connected in parallel in the system (B9) was found by dividing the value in column B6 by B7. The number of series-connected batteries (B10) in the system is found by dividing B1 value to B8 value. According to the calculations in Table 2 , a total of 28 (B9xB10) batteries, 7 parallel and 4 serial, should be used in the system. Since the batteries are chemical products, ambient temperature affects the efficiency and lifetime of the batteries. Therefore, they are kept away from the operating areas and kept at the appropriate room temperatures. In this study, the temperature correction factor is not taken into account considering that the batteries are kept at room temperature of 25 °C.
Determination of PV Panel Sizing and Selection of PV Panel Type
Because of the movement of the sun during the day, the sun rays do not reach the PV panel directly. Maximum power can be transferred from PV panels by tracking the solar using one and two axis solar tracking systems. However, these systems are very complex and costly. Therefore, they are not much preferred. Instead of these systems, systems which are mounted on the roofs with a fixed optimum tilt angle are preferred. The important thing is to determine when the stand-alone system can be used. The system can only be used in winter, summer or spring, or annually. In a system that will only be used seasonally, PV panels should be placed with an appropriate tilt angle. For the design of the farm house in Bilecik province, the autumn season optimum tilt angle is 20⁰, the 913 winter season optimum tilt angle is 40⁰, the spring and summer seasons optimum tilt angle is 10⁰. The annual optimum tilt angle is 40⁰, which is the latitude of the province [8] . The values for the PV panel calculation are shown in Table 3 . Considering the yearly use of the farmhouse, it is appropriate to place the PV panels to the roof horizontally with angle of 40° (C1). 5.58 kWh energy calculated in A5 column is the daily total energy of the house. The efficiency of BOS components is indicated in column C2 as 87%. The amount of energy (C3 value) that should be obtained from the PV panels daily is found by dividing A5 by C2. A Perlight 100 Wp PLM-100P/12 model polycrystalline PV panel is selected for the system. The PV panel data are shown in Table 4 . PV panels cannot always operate at maximum power point (MPP). The values in Table 4 are the values obtained from the PV panel under standard test condition (STC) (25 ⁰C temperature, 1000 W/m 2 solar radiation and 1.5 air mass). When the STC changes, the values obtained from the PV panels also change. Therefore, C4 and C5 values were obtained, assuming that there will be 10% loss, by multiplying the maximum voltage and power values of the panel by 0.9. Since the system is considered to be in operation throughout the year, the average sunshine duration of Bilecik is 6.6 h, which is the C6 value. The amount of energy (C7) produced by a PV panel daily is found by multiplying C5 and C6 values. Derating factor is factors such as dusting, shading and aging of PV panel. This factor (C8) is multiplied by the value of C7 and C9 value is calculated, which is actually the amount of energy that a PV panel will generate. In order to find the total PV number in the system, the value of C3 is divided by C9 value and it was calculated that 12 PV panel would be used in the system. The system's battery bus voltage is calculated as 48 V (B1 value). Since the voltage to be produced by the PV panel is 15.93 V (C4), the PV number that should be connected in series in the system is calculated by B1/C4. The number of PVs that should be connected in parallel is found as 4 by C10/C11 operation.
Determination of Charge Controller and Inverter Sizing
Charge controller prevents the batteries from being over charge and over discharge by regulating the current and the voltage obtained from PV panels. Moreover, it provides the maximum power transfer from PV panels. One of the factors that should be taken into account in the determination of the appropriate charge controller for the system is that charger controller must be durable to the maximum current and compatible with the bus voltage. Since the battery bus voltage is 48 V, charge controller must also be 48 V. Rated current calculation of the charge controller is given in Equation 2:
Where; in the designed system, PV number connected in parallel is (C12), short circuit of the determined PV panel is (I sc =6.21A) and the current calculated by multiplying the 1.25 coefficient for the security (k) is found as 31.05 A. Values of 40 or 60 A can be selected according to this current value. In this case, a charge controller with a value of 48V 40-60 A should be used for the system.
Since the devices used in houses are operated by ac, the conversion of dc provided by the batteries to ac (220 V 50 Hz) is carried out by inverter. Many inverter systems can be used in stand-alone systems. The central inverter system shown in Figure 1 is used in this system. The greatest advantage of this system is that there is a significant reduction in cost using a single inverter. It is important to note that the choice of high power inverter for the system will be more flexible as the load will increase in the future. The main disadvantage of such systems is that any fault in the inverter will affect the whole system. When calculating the power of the inverter, the total power must be calculated considering that all devices in the house can operate at the same time. Meanwhile, devices with inductive loads such as washing machines, dishwashers and refrigerators should also be considered for over currents during initial operation. Therefore, while calculating the inverter the value obtained by multiplying the 1.25 coefficient should be taken into account. The calculation of the input power of the inverter is given in Equation 3. 
The minimum power of the inverter needed for the system should be 6 kW. In the system the power of the inverter should be 6 kW, the input voltage should be 48 V dc and the output voltage should be 220 V 50 Hz with ac pure sine wave characteristic.
Conclusion
In this study, the calculation of the required components needed to meet the energy demand of a stand-alone farm house using by only PV system was carried out. Some factors such as optimum tilt angle, daily average sunshine duration, days of autonomy, efficiency of BOS components, derating were taken into account in the design of the system. The detailed information about the selection of the components used in the system is given. The application of this system which has become widespread is becoming more popular. Therefore, this study is carried out with the view that it will be useful in terms of solar energy applications which will be made in the region in the future.
